The underlying enzymatic reaction of this kit requires one enzyme and one coenzyme only. Ethanol is oxidized by the catalytic activity of alcohol dehydrogenase (ADH) in the presence of nicotinamide-adenine dinucleotide (NAD + ) to acetaldehyde. Because the equilibrium of this reaction lies in favor of ethanol and NAD + , special experimental conditions were set up to ensure a quantitative reaction to acetaldehyde. In consequence, the test kit only contains two ready-to-use components, which is the basis for a robust and precise simple quantification of ethanol.
AOAC Official Method 2017.07
Ethanol in Kombucha, Juices, and Alcohol-Free Beer ENZYTEC TM Liquid Ethanol
First Action 2017
The Enzytec Liquid Ethanol quantifies ethanol in diluted or undiluted samples between 30 and 300 mg/L ethanol with a high precision (CV ≤ 2%). The linear range of the system is between 3.3 and 500 mg/L. The LOD is at 1.9 mg/L. All chemically related primary, secondary, and tertiary alcohols show sidechain activity with the exception of methanol. Acetaldehyde interferes at concentrations higher than 3000 mg/L, whereas sulfite interferes at concentrations higher than 300 mg/L.
Caution: see Material Safety Data Sheet
A. Principle
The enzymatic reaction requires one enzyme and one coenzyme only. As can be seen from (I), ethanol is oxidized by the catalytic activity of ADH in the presence of NAD + to acetaldehyde and NADH/H + . NADH formed is stoichiometric with amount of ethanol originally present. NADH produced is measured at 340 nm with a spectrophotometer.
I Ethanol NAD
Acetaldehyde NADH H ADH ( )
Because the equilibrium of this reaction lies in favor of ethanol and NAD + , special experimental conditions were set up to ensure a quantitative reaction to acetaldehyde. In consequence, the test kit only contains two ready-to-use components, which is the basis for a robust and precise simple quantification of ethanol.
B. Apparatus
Apparatus specified has been tested. Equivalent apparatus may be used. 
C. Reagents
Items (a) to (c) are available as a test kit (ENZYTEC Liquid Ethanol, E 8340; R-Biopharm Darmstadt, Germany). All reagents are stable as indicated on the label at 2-8°C (36-46°F).
(a) The test kit consists of reagent 1 (2 x) and reagent 2 (2 x 
D. Standard Reference Material
Traceability was established by using certified reference materials (AQ01-015, AQ02-015, and AQ03-015) from ACQ Science (Rottenburg-Hailfingen, Germany) with ethanol concentrations from 0.1, 0.2, and 0.3 g/L.
E. Standard and Spike Solution
For spiking experiments, EMSURE® Ethanol (absolute for analysis; Merck, 1.00983.1000) was used. The material is free of water. Because ethanol is volatile, it was decided to use a 20% alcohol by volume (ABV) ethanolic solution for spiking samples. For preparation, a 100 mL volumetric flask was filled with about 50 mL distilled water. Twenty milliliters of absolute ethanol was pipetted into the flask, mixed, and filled with water up to 100 mL.
F. General Preparation
(a) Both components of the test kits are ready to use but should be warmed up to room temperature before use.
(b) Make sure that the laboratory environment, especially the air, is not contaminated with ethanol, e.g., caused by use of disinfection or cleaning reagents. Otherwise, all results will be biased due to the high sensitivity of the test kit toward ethanol.
(c) This test should only be carried out by trained laboratory employees.
(d) The instructions for use must be strictly followed.
(e) No quality guarantee is accepted after expiration of the kit (see expiration label).
(f) Do not interchange individual reagents between kits of different lot numbers.
(g) Follow recommendations of the manufacturer of the spectrophotometer for a proper warm-up and maintenance.
G. Sample Preparation
(a) General recommendation.-(1) Ethanol is very volatile; therefore, when diluting sample solutions, always pipette beneath the surface of the diluent; when filtering a sample solution, the filtrate shall not drop but rinse down the wall of the vial; close vial tightly before centrifugation.
(2) Use clear, slightly colored, and pH-neutral liquid samples directly, or after dilution into the relevant measurement range of 30-300 mg/L ethanol; slightly acidic or alkaline sample may be used directly after dilution; check strong acidic sample solution for recovery by spiking even after dilution in case of any doubt.
(3) Degas samples containing carbon dioxide by a short burst of ultrasound at 0°C (ultrasonic device filled with ice cubes and distilled water).
(b) Sample preparation.-(1) Clear kombucha, alcohol-free beer, and juices: dilute with water.
(2) Turbid kombucha, alcohol-free beer, and juices: centrifuge before dilution and dilute supernatant with water.
(3) Samples with 0.076-0.76% ABV (0.6 up to 6 g/L ethanol) should be diluted 1 + 19 with water, e.g., 100 μL sample is pipetted into 1900 μL distilled water.
(4) Samples with 0.38-3.8% ABV (3 up to 30 g/L ethanol) should be diluted 1 + 99, e.g., 100 μL sample is pipetted into 9.90 mL distilled water.
(5) Other dilutions as, e.g., 1:50 or 1:10, are possible if the ethanol concentration of the diluted samples lies within the measurement range (0.03 up to 0.3 g/L).
(6) Dilution of ethanol-containing samples with water is very susceptible to pipetted volumes used for dilution. Therefore, pipette at minimum 100 μL ethanol-containing sample into the respected volume of water; lower volumes, e.g., 20 μL, will result in higher CVs.
(7) Use diluted sample solutions within 3 days for ethanol measurement (storage temperature 4°C).
H. Determination
(a) Place a cuvette for one blank (RB) and each sample/ control into a rack and pipette 2000 μL reagent 1 (R1) into each cuvette.
(b) Add 100 μL each sample or control into a designated cuvette and 100 μL distilled water into the designated cuvette (blank).
(c) Mix with a plastic spatula or another appropriate device. 
I. SLV Parameters
The manufacturer's in-house validation scheme followed the AOAC Appendix K recommendations as described in the SMPR ® 2016.001 for ethanol quantification in kombucha and long-lasting practical experiences of the method developer for ready-to-use enzymatic test kits. (c) Selectivity.-Experiment using methanol, 1-propanol, 2-propanol, n-butanol, isobutanol, 1-pentanol, 2-pentanol, 3-pentanol, and 1-hexanol at a concentration of 0.2 g/L in comparison with 0.2 g/L ethanol. All solutions were prepared in distilled water.
(d) Precision profile.-Data were calculated from the linearity data set (aqueous ethanol calibrators). The calculated RSD derived from replicates from three independent runs.
(e) Repeatability.-Four nonspiked kombucha samples (degassed, centrifuged, diluted 1:50) were used over a period of 3 days by two persons on two occasions per day with two technical replicates per extract and day. Additionally, four nonspiked kombucha samples (degassed, centrifuged, diluted 1:50) were used in n = 6 at each occasion over a period of 2 days on three occasions in total with one technical replicate per extract. Four different nonspiked fruit juices were degassed, centrifuged, and tested in n = 6 at each occasion over a period of 2 days on three occasions in total with one technical replicate per extract. Three different nonspiked vegetable juices were degassed, centrifuged, and tested in n = 6 at each occasion over a period of 2 days on three occasions in total with one technical replicate per extract. (i) Recovery.-Four different kombucha samples used for repeatability characterization were spiked to their endogenous ethanol concentrations (between 2.7 and 5.7 g/L); samples were degassed, centrifuged, and diluted in n = 6 at each occasion by two persons over a period of 2 days on three occasions in total with one technical replicate per extract per person. For all juices, samples were individually spiked to reach the upper measurement range of 0.3 g/L. Samples were degassed, centrifuged, and tested in n = 6 at each occasion over a period of 2 days on three occasions in total with one technical replicate per extract.
(j) Interferences.
-Sulfite and acetaldehyde were tested in presence of 0.15 g/L ethanol (n = 1) with concentrations of 0.06 up to 30 and 1.5 up to 30 g/L, respectively.
(k) Robustness.-Incubation temperature was varied between 18 and 37°C. Incubation time before measuring A2 at 340 nm was varied between 5 and 20 min. An alcohol-free beer sample and a kombucha sample with ethanol concentrations of 3.5 and 2.0 g/L were checked for dilutability.
(l) Stability.-See supplemental material. Ethanol, g/L = (2.6 mL × 46.07 g × mole
J. Calculations
If a sample was diluted before measurement, this result has to be multiplied with the dilution factor F and converted to % ABV using the formula:
Results and Discussion

Linearity
The range of concentrations tested for linearity behavior of the enzymatic system is from 0.0025 up to 0.7 g/L ethanol. This set of dilutions was tested three times independently, and results are depicted in Figure 1 . It is already visible by eye that at concentrations higher than 0.5 g/L ethanol, the linearity of the system is no longer given.
A correlation factor r 2 is not given in Figure 1 because this factor alone does not result in any relevant information about sufficient linearity. Instead, residuals of ΔOD values were calculated and presented in Figure 2 . This plot clearly revealed that the linearity ends between 0.4 and 0.5 g/L ethanol. The lower point of quantification will be characterized in the LOD and LOQ section.
LOD and LOQ
The enzymatic system Enzytec Liquid Ethanol is very sensitive. Therefore, it is not remarkable that nearly all matrices checked to be ethanol-free contained low but detectable or even quantifiable amounts of ethanol. As a consequence, only calibration data can be used to estimate LOD and LOQ. This procedure is laid down in DIN 32645:2008-11 (based on DIN ISO 11843-2:2008-06) and required calibration data near to zero concentration. Therefore, calibrators between 2.5 and 45 mg/L ethanol were prepared and analyzed in three independent runs ( Figure 3 ). From this figure, the linear calibration function was calculated to ΔOD = 0.0052 × mg/L ethanol − 0.0004. For the following calculation, the slope of this line (b = 0.0052) is used ( Figure 3 ). According to DIN 32645:2008-11, a quick estimate of LOD and LOQ is possible. In principle, the residual standard deviation s y,x of the measurement signal is "converted" to a standard deviation s x0 of the concentration by dividing s y,x with the slope b of the graph, which is given above. This standard deviation of the procedure s x0 is multiplied with several factors to estimate LOD and LOQ. In this case, LOD is at 1.85 mg/L (0.0002% ABV), whereas LOQ is at 3.26 mg/L (0.0004% ABV). The estimates from two additional lots revealed LODs at 0.89 and 1.43 mg/L, whereas LOQs were estimated at 1.60 and 2.54 mg/L (raw data and calculation not shown). These three lots were also used to characterize stability of the system. An accelerated stability study was performed over a period of it was shown in Table 2 that the person has a negligible influence on variation of results. It will be presented in the Robustness section that it is absolutely necessary to have a sample intake of 100 μL kombucha for dilution. Otherwise, RSDs will rise up to 4% if, e.g., only 20 μL kombucha is used for dilution before measurement in the enzymatic system (results not shown). When undiluted fruit juice samples (apple, cranberry, multivitamin, orange) with endogenous ethanol concentrations between 0.034 and 0.329 g/L were analyzed by one person over a period of 2 days with three tests in total, RSDs were below 2%, with the exception of cranberry juice, in which, due to the low ethanol concentrations, the RSD was around 3% (Table 4) .
When undiluted vegetable juice samples (tomato, tomatovegetable, carrot) with endogenous ethanol concentrations between 0.017 and 0.103 g/L were analyzed by one person over a period of 2 days with three tests in total, RSDs were below 1%, with the exception of tomato-vegetable juice, in which, due to the very low ethanol concentrations, the RSD was around 2.3% (Table 5) .
Inter-Lot Precision
Because the enzymatic test kit is a proprietary ready-to-use test kit, characterization of inter-lot variation is necessary to show that all lots produced under routine conditions in the production facility at R-Biopharm are comparable with respect to variation. Results are shown in Table 6 and show that all three lots were comparable over the measurement range. Table 7 contains data from R-Biopharm's QC department, where real-time stability tests are performed. For QC tests, certified reference materials from ACQ are used because they have optimal volumes of 1.5 mL, which makes it possible to use a new vial for each testing. As can be seen from Table 7 , four different lots were tested by four technicians on different days in duplicate. Using the AOAC excel work sheet for collaborative tests, results from Table 7 were taken to calculate s r , RSD r , s R , and RSD R ( 
Laboratory-Internal Reproducibility (Intermediate Precision)
Selectivity
Relevant chemically related alcohols that were reported to exist in beverages and juices were tested in the enzymatic system at a concentration of 0.2 g/L (Table 1) . Methanol is not reacting in the enzymatic system. In contrast, 1-propanol, 2-propanol, n-butanol, 1-pentanol, and 1-hexanol showed significant or even comparable results to ethanol. This was expected because any alcohol dehydrogenase exerts these kinds of side-chain activities. Theoretically, these alcohols could lead to creep reactions. But the published data on these alcohols reveal that in the best case, a factor of 1000 exists between the concentration of ethanol and the chemically related side-chain active alcohols, so the side-chain activity should not lead to measurable errors.
Precision Profiles
The characterization of precision over the whole measurement range is depicted in Figure 4 . These data were calculated from the linearity data set (aqueous ethanol calibrators). The calculated RSD was derived from three independent replicates from three independent runs.
Repeatability
For characterization of repeatability, diluted kombucha samples with endogenous ethanol concentrations between 2.73 and 5.65 g/L were analyzed by two persons over a period of 3 days with two testing series per day; RSDs were somewhat higher ( Table 2) . But because different persons were involved on different days, the results are still excellent. For this experiment, only one dilution was prepared from each sample to exclude effects due to variation of dilution. If dilution is included into the uncertainty budget, the results are still acceptable (Table 3) . At this time, only one analyst performed the experiments, because
Trueness
Several certified reference materials (CRM) are available, although most of them are aqueous ethanol solutions. Only two beers are available. In consequence, most of the data presented in this chapter are results for aqueous ethanol solutions. In the opinion of the method developer, this is not a general problem because all samples with ethanol concentrations around the threshold of 0.5% ABV (3.945 g/L) need to be diluted by a factor of 20, which minimizes the influence of matrix effects. The Recovery section will deal with possible matrix effects. Table 9 shows the results for CRMs from Cerilliant and two BCR beers relative standard deviations for concentrations between 0.1 and 0.3 g/L were between 0.91 and 2.53%, which is quite excellent. of 2 days as a 6-fold replication. Every sample of these six replicates was diluted and not stored for the next occasion. The concentration of the spiked samples was calculated by subtraction of the endogenous ethanol concentration from the analytical result. From this, the recovery was calculated. Results of this recovery experiment are depicted in Table 10 and revealed very high precision (RSDs smaller than 1.6%). This high precision was only achievable if 100 μL kombucha was used for dilution. If only 20 μL was used, RSD was less than 4% (results not (BCR-651 and BCR-652). Compared with the certified value, all results were excellent and only differed in one case by 4% (beer with 0.051% ABV, corresponding to 0.4 g/L ethanol)
Recovery
All kombucha samples from the market showed ethanol concentrations between 2.85 and 5.82 g/L (see top of Table 10 ). It was decided to spike these samples as high as their endogenous ethanol concentration. The four different kombucha samples were analyzed by two persons on three occasions over a period Table 12 ). It was decided to spike these samples at about 0.3 g/l in total because the linear range of the calibration is limited, and the spiked samples should be treated like unspiked samples (undiluted). The three different juice samples were analyzed by one person on three occasions over a period of 2 days as a 6-fold replication. The concentration of the spiked samples was calculated by subtraction of the endogenous ethanol concentration from the analytical result. From this, the recovery was calculated. Results of this recovery experiment are depicted in Table 12 and revealed very high precision (RSDs smaller than 2%). Table 12 also contains recovery data converted to percentage of recovery. Mean recovery varied from 95 up to 97%, whereas the range of individual recoveries was between 90 and 101%.
Vegetable juice samples (tomato, tomato-vegetable, and carrot) from the market revealed ethanol concentrations between 0.017 and 0.103 g/L (see top of Table 13 ). It was decided to spike these samples at about 0.3 g/L in total because the linear range of the calibration is limited, and the spiked samples should be treated like unspiked samples (undiluted). 300 mg/L. Kombucha, alcohol-free beer, and juices are normally not conserved by sulfite. Acetaldehyde does not interfere up to 3000 mg/L. Because acetaldehyde is only a fermentation byproduct and normally present at very low concentrations in final products, it is assumed that this interference has no influence on ethanol quantification under practical conditions.
Robustness
Enzymatic systems are sometimes susceptible to variations in incubation times and incubation temperatures. Therefore, it was checked if the assay still produces true results if the temperature is lowered to 18°C or increased up to 37°C. Incubation time before measuring A2 at 340 nm was varied between 5 and 20 min. There is no influence when varying the incubation temperature or incubation time (results not shown).
Due to the small measurement range between 30 and 300 mg/L, it will often happen in praxis that a sample shows ethanol concentration higher than 300 mg/L. Therefore, an alcohol-free beer sample and a kombucha sample with ethanol concentrations of 3.5 and 2.0 g/L were checked for dilutability. As can be clearly seen in Figure 6 , both samples are dilutable over the whole range.
Discussion
The test kit Enzytec Liquid Ethanol investigated in this validation study was proven to be applicable for the quantification of ethanol in kombucha, fruit juice, vegetable juice, and alcohol-free beer. It consists of two components, in which one
The concentration of the spiked samples was calculated by subtraction of the endogenous ethanol concentration from the analytical result. From this, the recovery was calculated. Results of this recovery experiment are depicted in Table 13 and revealed very high precision (RSDs smaller than 1.6%). Table 13 also contains recovery data converted to percentage of recovery. Mean recovery varied from 96 up to 97%, whereas the range of individual recoveries was between 93 and 99%.
Interferences
The aliphatic alcohols 1-propanol, 2-propanol, and n-butanol that showed the highest side-chain activities (see Selectivity section) were again tested at different levels between 0.015 and 0.15 g/L in presence of 0.15 g/L ethanol.
As can be seen in Figure 5 , the three tested higher alcohols exert significant positive interferences to the ethanol quantification. As expected from selectivity experiments, the graph is quite linear. Nevertheless, the relationship between ethanol concentrations and concentration of these interfering alcohols will always be greater than factor 1000 under practical conditions. In the present case, this would be, e.g., a 1-propanol concentration of 0.00015 g/L. This will never influence the ethanol determination significantly. Results for other possible interferants are shown in Table 14 .
Sugars and short-chain organic acids exert no interfering effect (results not shown). Up to 300 mg/L, sulfite does not interfere with the ethanol measurement. Higher values are not practical because even in wine the thresholds are between 200 and Table 10 . The concentration of the spiked samples is calculated by subtraction of the endogenous ethanol concentration from the analytical result; from this, the recovery was calculated component contains a buffer and the second component alcohol dehydrogenase and NAD. For sample preparation, kombucha, juices, and beer were centrifuged and diluted if necessary. Measurement is monitored at 340 nm and is finished within 20 min. Because only a few steps are necessary to finish sample preparation and measurement, the assay is especially useful for technicians with base-level laboratory experience. The in-house validation included a linearity study, estimation of LOD and LOQ, selectivity and inferences, different types of precision, characterization of trueness, recovery, a lot-to-lot comparability, stability testing, and ruggedness testing. Experiments showed excellent linearity and high precision that is mainly driven by precision of pipettes and not test kit components. The assay fulfills all requirements listed in the AOAC SMPR 2016.001. Due to the low LOQ of 3.3 mg/L ethanol (0.0004% ABV), kombucha and alcohol-free beer need to be diluted before measurement, typically around 1:20 or 1:50. Therefore, possible matrix interferences due to, e.g., color or pH are often e.g., 1-propanol, n-butanol, and 1-pentanol, but not methanol. These primary alcohols are only contained at very low levels after alcoholic fermentation. Typically, concentrations of higher alcohols are 1000 times lower than ethanol. Therefore, this side-chain activity is not relevant under practical conditions for measurement of ethanol in kombucha, juices, and alcoholfree beer. Acetaldehyde interferes at concentrations higher than 3000 mg/L, whereas sulfite interferes at concentrations higher than 300 mg/L. Under practical conditions, this is also not relevant because kombucha, juices, and beer are not treated with sulfite, and acetaldehyde is never present at 3 g/L after a normal fermentation process. Trueness was analyzed using aqueous ethanol standard reference solutions and a certified reference material (alcohol-free beer). A thorough robustness testing included the analysis of incubation temperature (18, 25, and 37°C) and incubation time (5, 10, 15, and 20 min). No parameter was found to influence the result in a way that could be critical under practical conditions. Kombucha and beer samples are dilutable. Care should be taken when alcoholcontaining sample are diluted, because the volume of sample used for dilution is critical. It is strongly recommended to use 100 μL at minimum for dilution. At lower volumes (e.g., 20 μL), results will turn out to be less precise. The test kit is stable for 2 weeks at 37°C and until now a real time stability of 12 months is covered.
Conclusions
In summary, the data of the in-house validation study proved that the performance claims for kombucha are fulfilled and are in accordance with AOAC SMPR 2016.001. not relevant. In the case of juices, ethanol concentrations were low, and no dilution was necessary. Nevertheless, precision and recovery were not affected. The enzyme contained in the test kit will also convert other primary aliphatic alcohol as, 
